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BRL  SHOCK  TUBE  PIEZO-ELECTRIC  BLAST  GAGES 

ABSTRACT 

This  report  describes  In  detail  two  small  plezo-electrlc  blast  gages  of 
one-balf  Inch  and  one-quarter  Inch  case  diameters.  !nie  details  of  construction, 
testing,  and  use  of  these  two  gages  are  given.  In  addition,  two  modifications 
of  the  one-half  inch  gage  and  an  experimental  three-quarter  Inch  gage  are  de¬ 
scribed  and  evaluated.  Pressure  time  records  from  these  gages  are  given. 
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INTRODUCTION 


This  report  Is  intended  to  show  the  reader  how  to  nake,  test,  and  use  small 
piezo-electrlo  blast  gages  of  the  type  employed  at  the  Shock  Tube  Facility  of 
the  Ballistic  Research  Laboratories.  The  Information  adds  to  and  makes  current 
the  authors*  previous  work  reported  in  References  1  and  2. 

The  gages  described  can  be  used  In  either  laboratory  or  field  experiments 
using  high  explosive.  The  one-half  Inch  (types  1  and  3)  and  three-quarter  Inch 
(type  4)  gages  have  threeuls  for  use  In  models  or  the  walls  of  the  shock  tube. 

The  smaller,  one-quarter  Inch  (type  2)  diameter  gage  has  an  imthreaded  case  which 
can  be  used  where  threads  are  not  practical.  For  example.  It  may  be  built  Into 
a  model  using  the  technique  deccribed  in  Reference  3* 

All  of  the  gages  are  designed  to  have  as  fast  a  response  as  possible  to 
the  applied  wave .  The  type  4  gage  was  designed  to  have  a  very  fast  response  In 
order  to  enhance  Its  ability  to  measure  the  Initial  portion  of  the  shock  wave. 

All  gages  were  designed  with  consideration  given  to  a  practical  damping  factor. 
The  damping  of  the  natural  vibration  determines  how  close  the  pressure-time  re¬ 
cord  can  be  read  to  the  actual  shock  front. 

Photographs  and  drawings  are  given  for  gage  types  1  and  2;  exploded  sketches 
of  all  types  btc  given.  The  drawings  along  with  the  additional  instructions, 
should  give  the  reader  enough  Information  to  build,  test,  and  use  the  type  1  and 
2  gages.  Since  types  3  are  yet  In  developmental  sxages,  the  construction  tech¬ 
niques  necessarily  will  be  omitted  other  than  to  say  that  the  basic  assembly 
techniques  are  common  to  all  types. 

Sample  pressure-time  shock  tube  records  are  given  for  each  type  of  gage. 

The  ringing  of  Individual  gages  of  a  particular  type  may  vary  slightly  but  the 
records  given  represent  what  may  be  expected  from  each  type. 


It  should  be  noted  that  the  gages  of  types  1  through  3  contsdn  lead  meta- 
nlobate  discs  as  the  plezo-electrlc  ntaterlal  and  that  gage  4  Is  of  tourmaline. 
These  choices  are  by  no  means  mandatory.  Any  type  of  plezo-electrlc  material 
may  be  Incorporated  Into  gages  of  the  types  discussed  here.  The  choice  Is  en¬ 
tirely  up  to  the  builder  with  consideration  given  to  the  availability^  output, 
and  stability  of  the  material  emd  the  purpose  or  Intended  use  of  the  gages. 


GAGE  ASSEMBIX 


Completed^g^es  of  type  1  (the  one-half  inch  gage)  and  type  2  (the  one-quar¬ 
ter  Inch  gage)  are  oho»rfn  in  Figure  1  eGLong  with  a  matching  36- inch  cable  (Mic¬ 
rodot  No.  50-3804  cable  with  two  32-21  end  plugs). 

Figures  2  and  3  are  the  machine  drawings  necessary  to  construct  the  com¬ 
ponents  of  the  type  1  and  2  gages.  A  reasonably  skilled  machinist  with  the  usual 
shop  tools,  should  be  able  to  furnish  the  components  as  specified  on  tte  drawings. 

An  exploded  assembly  drawing  of  the  type  1  gage  is  shown  in  Figure  4.  The 
plezo-electrlc  material  (in  the  type  1  gage  a  lead  metanlobate  disc  3/l6"  diame¬ 
ter  0.050”  thick),  peirt  3,  is  cemented  to  the  nylon  insert,  part  4,  which  has 
previously  been  press  fitted  into  the  steel  case,  part  6.  A  small  spring,  part  5i 
provides  the  electrical  contact  between  the  disc  and  the  center  conductor  of  the 
co-axial  connector  (Microdot  31-02),  part  ?•  The  spring  must  pass  through  the 
insert,  part  4,  and  fit  over  the  end  of  the  co-axial  connector,  part  7,  and  pro¬ 
vide  enough  compression  to  maintain  the  electrical  contact  between  the  disc  and 
connector.  The  nylon  cap,  part  1,  is  then  pressed  and  cemented  into  the  case  in 
contact  with  the  disc.  All  cementing  should  be  done  with  Eastamn  9IO  adhesive. 

In  all  cases  the  ai<lbesive  should  be  used  sparingly  and  in  the  case  of  the  disc, 
no  adhesive  should  be  directly  applied.  In  order  to  cement  the  disc,  the  adhesive 
should  be  placed  only  on  the  nylon  pieces  on  either  side  of  the  disc.  The  dimen¬ 
sions  eure  so  arranged  that  the  cap  of  the  fully  assembled  gage  will  protrude 
slightly  beyond  the  face  of  the  gage  case.  Tlie  face  of  the  gage  should  be  lapped 
smooth  using  a  fine  emery  cloth  or  polishing  paper.  The  completed  gage  is  now 
ready  for  testing. 

The  methods  described  above  ore  also  used  in  assembling  getges  of  types  2 
through  4,  the  primary  differences  being  modifications  in  the  actual  gage  com¬ 
ponents  . 
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FIG. 3  DRAWING  FOR  THE  QUARTER-INCH  GAGE 
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FIB.  4  EXPLODED  VIEW  OF  HALF -INCH  GAGE 


RECORDING  SYSTEWa 


The  output  from  piero-electric  gages  is  normally  recorded  on  oscillographic 
type  recording  systems.  Two  such  systems  are  described  here.  Figure  5  shows 
them  In  block  diagram. 

System  A,  the  simpler  of  the  two,  consists  of  a  blast  gage,  a  suitable 
cathode  follower  (Figure  6)  to  couple  the  high  Impedance  blast  gage  to  the  rela¬ 
tively  low  Impedance  amplifier,  and  an  oscilloscope  equipped  with  a  recording 
camera.  References  4  and  5  have  more  complete  descriptions  of  components  of  this 
type  of  system. 

System  B,  also  shown  in  Figure  5,  has  the  advantage  of  being  capable  of  re¬ 
cording  the  records  from  several  gages  simultaneously.  Moving  film  cameras  are 
used  for  this  purpose.  Film  speeds  up  to  100  ft/sec  have  been  used  successfully 
to  record  short  duration  blast  waves  while  slower  recording  siseeds  (lO  ft/sec) 
have  been  more  useful  for  recording  blast  waves  of  long  duration.  Reference  6 
describes  such  a  system. 


FIG.  5  BLOCK  DIAGRAM  OF  THE  RECORDING  SYSTEMS 


FIG.  6  CATHODE  FOLLOiER  CIRCUIT 


CALIBRATION 

calibration  of  the  complete  ajretem  (recorder,  cables,  and  BSge)  la  nade  In 
the  folloelng  way.  An  assumption  of  the  overpressure  of  the  wave  to  be  measured 
is  sade.  A  sosawhat  larger  pressure  (25  I«rcent  greater)  Is  applied  to  the  gage 
by  the  pulse  calibrator.  Die  gain  of  the  recording  amplifier  Is  adjusted  to  give 
tun  usable  deflection  on  the  oaclUoscope  for  the  applied  pressure  pulse.  The 
pressure  pulse  Is  recorded  with  the  camera.  Die  system  la  now  calibrated. 

After_caUbratlon  the  gage  Is  placed  In  the  experimental  position.  Care 
should  be  taXen  to  Insure  that  the  cables  and  conneetors  used  In  the  recording 
are  the  seme  as  used  In  the  calibration  and  that  the  resistance  of  the  cables 
to  ground  be  at  least  50,000  megohms.  To  keep  all  errors  caused  by  a  change  In 
gain  of  the  system  to  a  minimum,  callbratlona  should  be  made  Just  before  and 
just  after  the  experimental  wave  Is  recorded.  If  available,  a  known  voltage  step 
may  be  recorded  along  with  both  the  calibrations  and  the  experimental  record  to 
Indicate  any  change  In  amplifier  gain  that  might  have  occurred. 


GAGE  EVALUATION 


Either  of  the  two  recording  systems  may  be  used  to  test  the  gages .  Gages 
at  BRL  are  usually  tested  using  the  oscilloscope  equipped  with  a  Polaroid  Camera 
to  furnish  quick  results.  After  a  recording  system  Is  chosen,  three  separate 
tests  are  made  on  the  completed  gage.  One  test  Is  made  with  a  pulse  calibrator 
(one  type  of  cedlbrator  Is  described  in  Figures  7  and  8)  and  the  other  two  tests 
are  made  with  the  shock  tube,  Figure  9.  Figures  10  and  11  show  test  records  from 
both  Systems  A  and  B.  I^e  three  tests  are: 

1.  Pressure  pulses  of  different  magnitudes  are  applied  to  the  gage 
while  maintaining  a  constant  gain  setting  on  the  recording  system.  The  output 
of  the  gage  should  be  linear  with  respect  to  the  calibration  pressure  pulses. 

The  outputs  should  be  approximately  50  milllvolt/psi  for  gages  of  types  1  and 
3)  about  10  mllllvolt/psl  for  the  type  2  gage,  and  2  milllvolt/psi  for  the  type 
4  gage.  •  Those  outputs  are  obtained  with  3  feet  of  cable  (Microdot  No.  50-3804) 
at  an  Input  of  1  megohm  and  47  u^f  (Tektronix  54l-!iype  53/54D  Aupllfier)  without 
a  cathode  follower.  Another  criterion  for  acceptance  of  a  gage  under  this  test 

Is  that  the  gage  output  be  high  enough  to  be  useful  at  the  Intended  pressure  range. 
Sample  calibrations  from  gages  of  types  1  and  2  are  shown  in  Figure  11-A.  The 
lower  trace  Is  from  type  1  j  upper  truce  is  from  type  2 . 

2.  Tlio  gage  la  then  placed  In  the  side  wall  of  the  shock  tube  and  a 
low  pressure  shock  wave  (shock  overpressure  of  10  psi)  Is  passed  over  the  gage. 
Figure  11-B  shows  records  from  this  type  of  a  test.  This  record  should  be  exam¬ 
ined  for  two  separate  phenomena.  First,  the  value  of  the  shock  pressure,  obtained 
from  the  pulse  calibration  shoixld  agree  within  1  percent  with  that  pressure  caJ.- 
culated  from  a  velocity  system  measurement  (References  2,  7,  8,  and  9)-  Secondly, 
the  proasure-tlme  record  should  be  examined  for  gage  vibration  or  ringing. 

Slight  variation  should  be  expected  in  the  record  due  to  the  non- Ideal  shock  pro¬ 
duced  by  the  shock  tube. 

3.  The  final^test  is  made  to  determine  the  frequency,  magnitude,  and 
duration  of  the  vibration  or  ringing  of  the  gage.  In  order  to  accomplish  this 
the  gage  should  be  mounted  flush  in  the  end  plate  of  the  shock  tube  and  subjected 
to  a  shock  wave.  See  Reference  10  for  a  cf«nplete  description  of  this  method. 

The  ringing  should  stop  as  near  the  beginning  of  the  prosouro-tlme  record  as 
possible  (Figures  10  and  11-C). 
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Figure  10  Pressure-Time  Recordo-Gystem  A 
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Figxire  lie  Shock  Tube  Records-End  of  Shock  Tube 


Figure  11  (continued)  Pressure-Time  Records-System  B 
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COMPARISON  OF  THE  GAGES 


Table  I  is  a  tabulation  of  the  characteristics  of  the  four  types  of  gages 
considered  in  this  report.  Included  in  this  table  are  the  dimensions,  output, 
frequency,  duration,  and  magnitude  of  ringing,  and  piezo-electric  material  for 
each  type  of  gage.  Figures  12,  13,  1^,  and  15  show  exploded  views,  lists  of 
parts,  and  typical  records  obtained  from  the  four  gage  types.  All  of  the  records 
wars  taken  under  identical  conditions.  The  gages  were  mounted  In  the  end  of  the 
shock  tube  and  subjected  to  Identical  shock  waves.  Only  the  a]]q>lifler  gain  was 
varied  to  make  aH~~rec'ord  heights  approximately  the  same.  Hie  sweep  speed  of  the 
oscilloscope  was  20  ^sec/cm  in  all  cases. 

Some  general  statements  can  be  made  concerning  the  characteristics  and  use 
of  each  of  the  types  of  gages. 

Type  1  —  This  gage  has  the  lowest  frequency  ar^d  the  longest  duration 
of  ringing.  It  has  the  advantage  of  having  a  high  output  and  can  be  used  success¬ 
fully  in  side-on  applications  partlcularlly  at  pressures  in  the  range  of  0.2  to 

30  psl. 

^^pe  2  This  is  the  smallest  gage  and  can  be  used  more  conveniently 
In  small  models  and  where  threads  are  impractical. 

Type  3  ---  This  gage  differs  from  type  1  only  in  its  frequency  and  dur¬ 
ation  of  ringing. 

Type  4  This  is  the  largest  of  the  four  gages.  It  will  be  noted 
that  this  gage  exhibits  only  one  cycle  of  ringing  and  tliat  the  magnitude  of  this 
ring  is  very  small.  This  gage  is  useful  in  face-on  applications  where  the  shock 
overpressure  is  in  excess  of  10  psl. 

It  might  be  mentioned  at  this  time  that  a  gage  witli  the  least  magnitude  or 
duration  of  ringing,  or  the  fastest  rise  time  is  not  always  the  best  choice  for 
a  particular  application.  For  Instance,  a  gage  of  type  1  is  much  more  useful  for 
ireoordlng  where  the  record  is  to  bo  examined  at  times  late  in  the  phenomena  than 
a  type  4  gage  even  though  the  typo  1  gage  has  a  longer  rise  time  and  rings  at 
100  KC  for  150  usee.  Also  due  to  variations  in  the  individual  piezo-electric 
elements  and  the  packaging,  individual  gages  will  exhibit  slightly  varying  rise 
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tlines,  ringing  characterlatlcs  and  long  duration  reliability.  For  this  reason, 
not  only  should  the  type  of  gage  be  considered  In  the  selection  but  also  gages 
within  a  particular  type  should  be  examined. 
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I.  cSiaracterlstlcs  of  the  BRL  Shock  TUbe  Plezo-Electrlc  Blast  Gag^s 
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SUGGESTIONS  TO  ASSURE  ACCURACY 

A  list  of  Buggestlona  is  given  below  to  help  the  experimenter  make  his 
measturenent-acciirate  as  possible. 

1.  Choose  the  blut  gage  with  rise  time  and  ringing  chareuzteristlcs 
suited  to  the  assumed  type  and  duration  of  the  unknown  blast  wave. 

2.  Choose  the  csmcra  or  sweep  speed  needed  to  record  the  assumed  dur¬ 
ation  of  the  blast  wave. 

The  pressure  standard  for  the  pulse  calibrator  must  be  accurate; 
use  a  dead  weight  tester  if  possible. 

Calibrate  the  gages  before  and  after  use  and  as  near  to  the  time 
of  use  as  possible. 

calibration  records  near  the  height  of  the  assumed  blast  wave. 

I  6,  Read  the  records  after  the  Initial  gage  ringing  has  stopped.  An 

I  accuracy  within  -  2%  can  be  expected  if  the  above  suggestion  are  followed. 
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